A strategy featuring a multicomponent assembly process followed by an intramolecular azidealkyne dipolar (Huisgen) cycloaddition was implemented for the facile synthesis of three different 1,2,3-triazolo-1,4-benzodiazepine scaffolds. A diverse library of 170 compounds derived from these scaffolds was then created through N-functionalizations, palladium-catalyzed cross-coupling reactions, and several applications of α-aminonitrile chemistry.
natural products such as diazepam (1), 8 devazepide (2) 9 and anthramycin (3) 10 respectively ( Figure 1) .
A key consideration inherent in designing and preparing novel compound libraries for HTS is the efficient synthesis of core scaffolds that bear functionality to enable facile diversification. In this context, we have recently developed a Mannich-type multicomponent assembly process (MCAP) to construct aryl aminomethyl adducts that are suitably functionalized for use in subsequent cyclizations to afford a variety of nitrogen-containing heterocyclic structures. 11 This sequential MCAP/cyclization strategy has been successfully utilized to rapidly access natural products 11,12,13a and unnatural heterocyclic frameworks. 13, 14 We also applied this approach to the syntheses of diverse, medicinallyrelevant scaffolds based upon the 1,2,3-triazolo-1,4-benzodiazepine core 6 (Scheme 1), 15, 16 2-aryl piperidines, 16, 17 tetrahydroisoquinolines, 16, 18 as well as isoindolinones, norbenzomorphans, benzazocines, and benzoxacines. 16, 19 We now report the application of this general approach for diversity oriented synthesis (DOS) to the preparation of libraries of 1,2,3-triazolo-1,4-benzodiazepines, a subclass of the benzodiazepine privileged structure whose biological properties have not been widely explored. 20 As described previously, the parent 1,2,3-triazolo-1,4-benzodiazepine 6 and brominated analog 7 were readily prepared on multi-gram scale by a reductive amination and azidealkyne dipolar (Huisgen) cycloaddition sequence (Scheme 1). 15 This approach afforded scaffolds 6 and 7 in high purity after recrystallization and represents a considerably more expedient access to compound 6 than previously reported. 21 The two heterocycles 6 and 7 were then subjected to various tactics for N-functionalization to diversify the scaffolds into libraries of amides 8 and 9, sulfonamides 10 and 11, ureas 12 and 13, thioureas 14 and 15, carbamate 16, and amine derivatives 17-19 (Scheme 2, Figure  2 , Table 1 ). Reagents were typically used in excess to mitigate for variations in the purity of reagents, which were used without purification, and reaction efficiency. Functionalizing agents were selected to contain a mixture of aliphatic and aromatic groups. Different aliphatic substituents were chosen to vary the nonpolar surface area, whereas aromatic groups were varied by selecting substituents that would modulate the electrostatic properties of the aromatic ring. In this manner, it would be possible to acquire preliminary structure activity relationship (SAR) data from a small set of compounds. N-Arylation procedures to access chemset 19 were explored for the formation of p-toluidine derivative 19{2}. We discovered that conditions reported by Buchwald utilizing Pd(OAc) 2 , (±)-BINAP and NaOtBu were superior to alternative protocols in which Pd 2 (dba) 3 was employed as the Pd source. 22 Use of this method allowed the introduction of aryl halides onto the parent scaffold (B{1} and 19{3}) without the intervention of observable side reactions involving secondary cross-couplings. The 2-amino pyridine derivative 19{6} was also prepared using a procedure described by Buchwald, but a catalyst loading of 4 mol % Pd 2 dba 3 was necessary for complete conversion. 23 The aryl bromide functionality present within scaffold 7 was exploited as a handle for diversification through several palladium catalysed cross-couplings (Scheme 3, Figure 3 , Table 2 ). In order to avoid homocoupling of 7 during Buchwald-Hartwig aminations, it was necessary to employ a 10-fold excess of amines 29 to afford the aniline derivatives 27 ( Figure 3 ). 22 Suzuki cross-couplings of 7 with boronic acids 30 afforded biaryl products 28 bearing substituents having a broad range of electronic properties. The use of heteroaromatic boronic acid derivatives is exemplified by the synthesis of 28{7}.
Five cross-coupled products (27{1-2}, 28{1-2} and 28{5}) were subjected to ten independent N-functionalizations to afford a 'two-dimensionally' functionalized collection of 50 compounds (chemsets 31-42) in generally high yields (Scheme 4, Figure 4 , Table 3 ).
Because compounds bearing the α-aminonitrile functionality are synthetically versatile intermediates, we envisioned that a scaffold containing this subunit might facilitate diversification through a number of strategies. 24 The Strecker MCAP employing benzaldehyde 4 and propargylamine furnished the α-aminonitrile 43 in 78% yield (Scheme 5). Upon mild heating, 43 underwent facile Huisgen cycloaddition to deliver the cyanosubstituted scaffold 44 in 88% yield. It was necessary to perform this reaction under dilute conditions and at a temperature not exceeding 60 °C in order to avoid elimination of HCN from the product 44. Interestingly, when 43 was N-acylated, the intermediate amide underwent facile cycloaddition at ambient temperature to yield the amide derivative of the scaffold 45{1}. This observation led to the development of a convenient, 4-component process to afford 45{1} directly from benzaldehyde 4 in 49% yield (Scheme 5). This MCAP approach is an expedient method to access amide derivatives of 44. However, Nfunctionalization of this scaffold is a better strategy for the library synthesis outlined in Scheme 6, because this approach allows the use of a number of parallel diversification reactions to give products that may be easily purified.
N-Acylations and N-sulfonylations of scaffold 44 to produce chemsets 45 and 46 were conducted using pyridine as the base; when triethylamine was employed, elimination of HCN was a significant side-reaction (Scheme 6, Figure 5 , Table 4 ). Reductive amination of 44, which was achieved under the same conditions as those described for the preparation of 17 and 18 (Scheme 2), generally proceeded in good yields. However, the reaction of 44 with the electron poor aldehyde 25{5} required the presence of trifluoroacetic acid and additional quantities of NaBH(OAc) 3 to consume the starting material 44 (Table 4 , entry 19).
The acidic nature of the proton α to the cyano group in amide derivatives 45 was exploited to facilitate further elaboration of the scaffold (Scheme 7, Figure 6 , Table 5 ). In the event, deprotonation of 45 with NaH, followed by trapping the intermediate carbanion with alkylating agents 50 delivered a small library of compounds bearing fully substituted carbon centers (chemset 48). Following literature precedent, vinyltriphenylphosphonium bromide (Schweizer's reagent) (51) was utilized as an electrophile in order to prepare a novel collection of pyrrole-fused structures (chemset 49) through an addition/intramolecular Wittig reaction/elimination sequence. 25 Notably, the Wittig reaction and aromatization steps were complete within 90 min at ambient temperature. With the sole exception of the pivalamide 45{4}, N-alkyl substituted amides were good substrates for this sequence of reactions. Aryl-substituted amides such as 45{15}, 45{16} and 45{7} also participated in this transformation, as did the nicotinamide 45{10}, which represents the first example of the use of a heteroaryl-substituted amide in this reaction. On the other hand, treating the anion of 5-nitro-furanyl amide 45{17} with the vinyl phosphonium salt 51 formed a complex mixture of products; no pyrrole was observed. It should be noted that the bromosubstituted benzaldehyde 5 might be used as a starting material to prepare the corresponding bromo derivatives of 44, 45, 48, and 49. These compounds could then be further derivatized by palladium catalyzed cross-coupling reactions to introduce aryl and amine substituents onto the benzodiazepine rings of 44, 45, 48, and 49.
We were also interested in exploiting the Bruylants reaction to generate substituted benzylamine derivatives 52 by displacing cyanide ion from α-aminonitriles 47 with organometallic reagents (Scheme 8, Figure 7 , Table 6 ). 26 After conducting a brief series of exploratory studies, we discovered that transmetallation of Grignard reagents to their corresponding organo-zinc species was necessary to avoid competitive deprotonation of the acidic proton α to the cyano group. 27 Displacement of cyanide ion under 'Reformatsky-type' conditions with the enolate of ethyl acetate afforded chemset 53; these compounds bear an ethyl ester group that might serve as a further point of diversification. 28 In summary, a diverse collection of 170 1,2,3-triazolo-1,4-benzodiazepines was prepared. A sequential MCAP/Huisgen cycloaddition strategy was instrumental for the rapid construction of the parent scaffolds. N-Functionalization and cross-coupling reactions were then applied to these scaffolds to enable the rapid production of derivatives through a combinatorial style approach, whereas exploitation of α-aminonitrile chemistry facilitated the introduction of significant structural diversity via a DOS approach. A complete Lipinski analysis of a representative selection of 80 compounds containing at least two examples of each structural subtype and having a maximal diversity of substituents was performed, and no compound was found that violated the Lipinski rule of five. 29 Hence, the library members have physiochemical properties that are likely to be associated with good solubility, membrane permeability, and bioavailability. All compounds have been submitted to the National Institutes of Health (NIH) Molecular Libraries Small Molecule Repository (MLSMR) and are being distributed to the Molecular Libraries Probe Production Centers Network (MLPCN) for HTS in a wide range of biological assays. Selected compounds have also been sent to the National Institute of Mental Health, Psychoactive Drug Screening Program (NIMH PDSP). The further development and application of our sequential MCAP/ cyclization strategy to the synthesis of medicinally relevant small molecules is ongoing and will be reported in due course.
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